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Description 

[0001] The invention relates to a radiation curable inkcomposition, a method for preparing a coated and colored optica! 
glass fiber, a coated and colored optical glass fiber, and a ribbon -assembly comprising such coated and colored optica! 
s glass fibers. 

[OOOZ] Optica! glass fibers are generally coated with two superposed radiation -cured coatings, which together form a 
primary coating, The coating which is in direct contact with the glass is called the inner primary coating and the overlaying 
coating(s) is called the outer primary coating. The inner primary may also be called the primary coating; then, the outer 
primary coating is called the secondary coating. Both definitions are used interchangeably. 
10 [0003] The inner primary coating is usually a reiatively soft coating providing environmental protection to the giass 
fiber and resistance, inter alia, to the well-known phenomenon of microbending. Microbending in the coated fiber can 
lead to attenuation of the signal transmission capability of the coated fiber and is therefore undesirable. The outer primary 
coating(s), which is on the exposed surface of the coated fiber, is typically a relatively harder coating designed to provide 
a desired resistance to physical handling forces, such as those encountered when the fiber is cabled. 
'5 [0004] In telecommu nications applications of optical fibers, multiple individual strands of coated fiber must be packaged 
into larger structures such as ribbons and cables to maximize efficiency. However, after ribboning and cabling of fiber, 
the individual strands of fiber must be readily distinguishable from each other so they can be accurately identified during, 
for example, installation and repair. Cable geometry and/or colorcoding can be used to distinguish and identify individual 
fibers in a complex cable. Although several methods can be used to color code fiber, color coding can be done advan- 
ce tageously with either a thin ink layer (< 10 microns) which is placed over the coated fiber before ribboning and cabling 
or by using a colored outer primary coating. 

[0005] Tape-like optical fiber ribbons are prepared by embedding a plurality (e.g., 4 to 1 2) of individual color coded 
fibers in asupportingmatrixmaterial which, liketheinnerandouterprimary coatings, is also radiation-curable to maximize 
production speed, The matrix material can encase thecolorcoded optical glass fiber or the matrix material can edge-bond 

25 the glass fibers together. Cure of the matrix material occurs during the ribboning stage after the fibers have been color 
coded by ink, Hencer, in a ribbon design, the ink layer resides between the ribbon's matrix material and the fibers' outer 
primary coating. This means that the ink layer's interracial characteristics (e.g., surface energy, adhesion) must be 
carefully controlled to function properly with both matrix material and outer primary coating In the ribbon structure, In 
particular, the ability of a cured matrix material to be suitably stripped off the ink layer (break- out) is an important technical 

30 consideration. Ribbon break-out Is generally carriedout by a mechanical force, although chemical softening of the matrix 
with use of solvents is also known. 

[0006] Optical fiber color coding can be based on up to 12 or more colors. Although optical fiber inks were originally 
solvent-based or thermosetting inks, in more recent times, radiation-curable inks have been used to increase the speed 
of the Inking process. In these ink compositions, pigment is dispersed in a radiation-curable carrier or base composition. 
35 [0007] As the demand for coated optical glass fibers has increased, manufacturers must respond by adding more 
fiber drawing production lines and by attempting to increase the linear line speeds of the existing fiber drawing production 
lines. In the latter case, one factor which will determine the upper limit for the line speed will be the curing rate charac- 
teristics of the radiation-curable ink composition, for a given radiation source and intensity. 

[0008] if the line speed is increased to the extent that cure rate time requirements of the radiation-curable ink com- 
40 position are not provided, the radiation-curable ink composition will not have received a sufficient amount of radiation 
to cause complete cure, or cross-linking, of the radiation-curable inkcomposition. The production linear line speed is 
generally inversely related to the amount of radiation striking the optical glass fiber. That is, as the production tine speed 
is increased the amount of radiation exposure to the radiation-curable ink composition during the production process 
will necessarily decrease for a given radiation source, incomplete cure of the radiation-curable ink composition is unde- 
45 sirable and must be avoided because then the desired properties of the incompletely cured ink coating may not be 
achieved and/or the incompletely cured ink coating may retain tackiness (giving problems in subsequent handling) or a 
malodorous odor may be present, and there may also be an increase in the extractabies (undesirable) in the suppos- 
edly-cured ink coating. 

[0009] In general, radiation-curable ink coating compositions can cure at a significantly slower rate than radiation -cur- 
se able outer primary coating compositions. It is believed that the pigments present in ink compositions contribute to the 
slower cure speed of ink coatings. Thus, there Is a need tor improving the cure speed of the ink coating. 
[00101 While the ink composition must have a very fast cure speed to ensure complete cure of the ink coating on the 
high speed drawing units, the increase in cure speed should not come at the expense of other important properties of 
the ink coating, such as providing suitable break-out performance. Break-out performance is the ability of the cured ink 
55 coating to separate from the matrix material without separating the ink layer from the outer primary coating to provide 
mid-span access to the individual coated optical glass fibers contained within die ribbon-assembly. Mid-span access is 
access to the coated optical glass fibers at a portion of the ribbon assembly between the ends of the ribbon assembly, 
Therefore, there is a need for a radiation-curable ink composition that exhibits adaptable adhesion properties to provide 
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an adhesion between the outer primary coating and the ink coating that is greater than the adhesion between the ink 
coating and the matrix material to provide mid-span access. 

[001 1] in addition, ink compositions should not contain ingredients that can migrate to the surface of the optical glass 
fiber and cause corrosion. The ink composition should also not contain ingredients which can cause instability in the 
5 protective coatings or matrix material. Ink coatings for optical glass fibers should be color fast for decades, not cause 
attenuation of the signal transmission, be impervious to cabling gels and chemicals, and ailow sufficient light penetration 
for fiber core alignment. 

[0012] Analogous requirements existfor colored outer primary coatings. In particular, these coatings require high cure 
speed despite the presence of pigments, good break-out properties, good adhesion to the inner primary coating, and 
10 the coating should contain no ingredients that may cause attenuation of light through the glass fiber after prolonged 
exposure of the ribbon to moist, heat, etc. 

[0013] Fromthe above, it is clearihat optical glass fiber tech noiogy places many unique demands on radiation-curable 
colored compositions which more conventional technologies, such as printing inks, do not. 

[0014] U.S. patent No. 4,829,285 discloses a method for making an ink coating on acoated optical glass fiber in which 
is a UV curable ink is applied to a coated optical glass fiber. The ink coating is applied in a method that preserves the 
concentricity of the optical glass fibers. The preferred inks are pigmented semi-opaque UV curable polymeric inks. 
However, the ink compositions disclosed in this patent do not have a sufficiently fast enough cure speed to be used on 
modern high speed optical glass fiber drawing and coating towers. 

[0015] Published Japanese Patent Application No, H1-152405 discloses a radiation-curable ink composition containing 
so an organic poiysiioxane compound. The pcfysilaxane compound provides the ink coating with the ability to separate 
more easily from the matrix material In a ribbon assembly. 

[0016] Published Japanese Patent Application No. 64-22976 discloses radiation-curable ink compositions containing 
specific radiation-curable oligomers. The ink composition provides an ink coating having adhesion to the outer primary 
coating which is separable from the matrix material in a ribbon assembly. 
?s [0017] Patent application EP-A-614099 describes the-use of a release agent such as a silicon oil or a fluororesin 
between the bundling layer and the coloring layer. In particular, when substantial amounts of silicone resins are used, 
incompatibility in the liquid and resultant imperfections in the cured matrix composition may result, which causes atten- 
uation of light. 

[0016] Usually Ink compositions must be cured in an inert atmosphere, I.e. in the absence of oxygen, Providing inert 
30 atmospheres oil optical glassfiberdrawlngtowers isexpensive. Thus, a radiation-curable ink composition which exhibits 
a high cure speed in the presence of some oxygen like in an air atmosphere would provide significant advantages over 
ink compositions that must be cured in an inert atmosphere. 

[0019] An objective of the present invention is to provide ribbon assemblies having suitable break-out performance, 

without requiring the use of substantial amounts of a silicone agent in the ink composition. 
35 [0020] Another objective of the present invention is to provide radiation-curable ink compositions which are adapted 

to provide cured ink coatings having greater adhesion to the outer primary coating than to a matrix material, to provide 

the ribbon assembly with the capability of break-out of the individual coated optical glass fibers. 

[0021] A further objective of the present invention Is to provide high speed radiation-curable ink compositions which 

provide enhanced cure speed in the presence of air. 
to [0022] Another objective of the present invention is to provide an ink composition which exhibits enhanced adhesion 

to the outer primary coating when suitably cured. 

[0023] Other objectives of the present invention are to provide an optical glass fiber coated with the Ink composition 

and a ribbon assembly containing at least one of the coated optical glass fibers. 

[0024] Provided by the present invention is a radiation-curable ink coating composition comprising 

45 

a) an oligomer 

b) a reactive diluent 

c) a hemolytic photoinitiator 

d) a pigment, and 
so e) additives 

wherein the composition comprises more than about 1 wt.% homolytic photoinitiator in combination with a benzophe- 
none-type compound, as defined in ciaim 1 and dependent claims2-9. Also provided by the present invention is a method 
for curing the radiation curable ink composition as defined in claim 1 0, acoated and colored optical glass fiber as defined 
55 in claims 11-14 and a ribbon assembly as defined in daim 15. The novel ribbon assembly has the capability of providing 
break-out of color coded optical glass fibers from the ribbon assembly, the ribbon assembly comprising a plurality of 
coated optical glass fibers having an ink or colored secondary coating on at least one of the coated optical glass fibers; 
and a matrix material binding the plurality of coated optical fibers together. 
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[0025J This composition if suitably formulated, using the constituents a-e, can also be used as a colored outer primary 
coating. 

[0026] Unexpectedly, this use of a benzophenone-type compound - if suitably cured - results in a system having a 
satisfactory adhesion to an outer primary coating and good break-out from the matrix material, 

5 [0027] In DE-A-40Q7E1 9, it is described to use photoinitiators in the curing of UV curable ink compositions on optical 
fibers. However, this reference does not teach to use the combination of a substantial amount of hemolytic types of 
photoinitiators in combination with substantial amounts of benzophenone. 

[0028] The radiation-curable ink compositions comprise two functional components: a pigment system which functions 
to impart color and a radiation-curable carrier system which functions to allow the pigment system into a coherent, 
io high-quality film after radiation -cure. Typically, a carrier system will be mixed with a pigment system to form the radia- 
tion-curable ink. 

[0029] Ink coatings are usually about 3 to about 1 0 microns thick, and should be concentric to prevent attenuation of 
thesignal transmission. The ink coating also generaliy hasaT g of at ieast about 30°C, more preferably at least about 50°C. 
[0030] Colored outer primary coatings, generally are 10-30 \x.m thick, and are described e.g. in EP-B-473643. 
15 [0031] Radiation-curable carrier systems which are suitable for forming the present ink composition contain one or 
more radiation-curable oligomers and monomers having at least one functional group capable of polymerization when 
exposed to actinic radiation. Suitable radiation-curable oligomers or monomers are now well known and within the skill 
of the art, 

[0032] The coated optical giassfibes each have an ink coating for identifying the individual fibers. The level of adhesion 
so between the ink coating and the matrix material has been adjusted to be less than the level of adhesion between the 
ink coating and the seconday coating on the optical glass fiber, which p-ovides the functional capability of providing 
break-out of the individual coated optica! glass fibers. 

[0033] Ink compositions according to the present invention may show a certain percent reacted acrylate unsaturafion 
{"% RAU") by selecting monomers, oligomers and a priotointeato' which crovide a %RAU", when exposed to about 0,125 

6 j/cm 2 UV radiation, such that the level of adhesion between the ink coating and the matrix material is less than the level 
of adhesion between the ink coating and the outer primary coating. Preferably, the average %RAU is at least 70%, mora 
preferably at least about 75%, and most preferably at least about 80%, when cured in tha presence of an oxygen 
containing gaseous atmosphere, like air. Preferably, the average %RAU is at least 75%, more preferably at ieast about 
80%, and most preferably at least about 85%, when cured in an inert (e.g. nitrogen) atmosphere. The average %RAU 

30 should be based on the %RAU of at ieast four different color ink coating compositions, each having the same radia- 
tion-curable carrier system. Preferably, the %RAU Is based on at least 6, more preferably at least 1 2, different color ink 
coating compositions. 

[0034] Preferably, all three carbon containing compounds "Ar" in the homolytic photoinitiator according to formula (1 ) 
in claim 6 have a molecular weight and molecular structure that Is suitable for forming the above free-radicals. For 
35 example, the carbon containing compounds can have from about 5 to about 1 5 carbon atoms. Suitable examples ol the 
carbon containing compounds include a furane ring or a benzene ring. 

[0035] One or more of the hydrogens present on the aromatic ring can be substituted, for example, with alkyl and/or 
alkoxy groups, Examples of suitable alkyl substituents include methylene, ethylene, butylene and propylene groups. 
Examples of suitable aikoxy substituents include methoxylate, ethoxyiate, butoxylate and propoxylate groups. 
40 [0036] A preferred cure speed enhancing photoinitiator includes one represented by the following formula (2) : 



Ar - C - P 



wherein Ar is a phenyl group, optionally substituted with one to three alkyl groups having 1-4 carbon atoms, 
[0037] S i M-m n t"= ] | h 9 ir r 1 h 1 2^ «<elght%, 

preferably from about 1 .5 to about 20 weighf%, and most preferably from about 4 to about 15 weight%, based on the 
total weight of the ink composition. In general, if other photoinitiators are present in the ink composition in combination 
55 with the ink cure speed enhancing photoinitiator, the ink cure speed enhancing photoinitiator can be used in lesser 
amounts to provide the desired cure speed, 

[0038] Ink coatings are usually about 3 to about 10 microns thick, and should be concentric to.prevent attenuation of 
the signaltransmission. The inkcoating also generallyhasaTgof at least about 30°C,morepreferably at least about 50°C. 
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[0039] Commonly, the radiation-curablefunctionality usedis ethytente unsaturation, which can be polymerized through 
radical polymerization or cationic polymerization. 

[0040] A suitable radiation-curable ink composition essentially consists of from about 1 to about 80 weight % of at 
least one radiation-curable oligomer (a). Preferred amounts of the radiation-curable oligomer include from about 20 to 
s about 70 % by weight, based on the total weight of the ink composition. 

[0041] A mixture of mono-, di-, tri-, tetra-, and higher functionalized oligomers can be used to achieve the desired 
balance of properties, wherein the functionafization refers to the number of radiation-curable functional groups present 
in the oligomer. 

[0042] The oligomers usually comprise a carbon-containing backbone structure to which the radiation-curable func- 
w tional group(s) are bound. Examples of suitable carbon-containing backbones include polyethers, polyolefins, pofyesters, 
polyamides, and polycarbonates. The size of the carbon-containing backbone can be selected to provide the desired 
molecular weight. The number average molecular weight of the oligomer is usually between about 500 to about 10,000, 
preferably between about 500 to about 7,000, and most preferably between about 1 ,000 to about 5,000. 
[0043] For example, the carbon-containing backbone of the oligomer can comprise aromatic groups and ring-opened 
fs epoxy groups or alkoxy groups. The oligomer can be represented by, for example: 

R-Ar-R; 

or 

R-L-Ar-L-R 

where R is a radiation-curable functional group, 
Aris an aromatic group containing moiety, and 
25 L is a linking group. 

[0044] Examples of suitable linking groups include alkoxy or ring opened epoxy such as ethoxy, propoxy, butoxy, and 
repeat units thereof. I can also be a urethane or urea linking group. 

[0045] The aromatic groups can be, for example, derived from bisphenol units, such as bisphenol A, A preferred 
oligomer Is a diglycidyl ether derivative of bisphenol Ato which acrylate functional groups have been bound. A commer- 
ce cially available example of such an oligomer is Ebecryl 3700 (UCB) or CN-120 (Sartomer), the latter having a molecular 
weight of about 1 300, and when cured has a Tg of about 65°C. 

[0046] Another example of a preferred oligomer is a trifunctional polyether or polyester having a molecular weight of 
about 500 to about 5000. A preferred example.of a trifunctional oligomer is the commercially available poiyurethane 
triacrylate Ebecryl 264, which has a molecular weight of about 2000 and when cured a Tg of about 42°C. 

35 [0047] The radiation-curablecarriersystemsmayalsocontain a reactive diluent (b) which is usedtoadjustthe viscosity, 
The reactive diluent can be a low viscosity monomer containing having at least one functional group capable of polym- 
erization when exposed to actinic radiation. This functional group may be of the same nature as that used in the radia- 
tion-curable monomer or oligomer. Preferably, the functional group present in the reactive diluent is capable of copoiy- 
merizing with the radiation-curable functional group present on the radiation-curable monomer or oligomer. 

<to [0048] A suitable radiation-curable ink composition essentially consists of from about 1 to about 80 weight % of at 
least one radiation-curable diluent. Preferred amounts of the radiation-curable diluent include from about 5 to about 60 
% by weight, more preferably from about 1 0 to about 50 % by weight, based on the total weight of the ink composition. 
[0049] Preferably, compound b) is a reactive diluent or a mixture thereof, Generally, each reactive diluent has a 
molecular weight of less than about 550 and a viscosity of less than about 500 mPa.s 

is [0050] For example, the reactive diluent can be a monomer or mixture of monomers having an acrylate or vinyl ether 
functionality and a C4-C20 alkyi or polyether moiety. 

[0051] Particular examples of such reactive diluents include: hexylacrylate, 2-ethyihsxyiacrylate, isobornylacryiate, 
decylacrylate, laury lacrylate, steary lacrylate, 2-ethoxyethoxy-ethylacryiate, iaurylvinylether, 2-ethylhexylvinyl ether, N-vi- 
nyl formamide, isodecyl acrylate, isooctyl acrylate, N-vinyl caprolactam, N-vinylpyrrolidone, and the like, 
so [0052] Another type of reactive diluent that can be used is acompound having an aromatic group, Particular examples 
of reactive diluents having an aromatic group include: ethylenegiycoiphenylether-acryiate, polyethyleneglycolphe- 
nylether-acryiafe, polypropyleneglycolphenylether-acrylate, and alkylsubstituted phenyl derivatives of the above mono- 
mers, such as polyethyleneglycolnonylphenyietheracrylate. 

[0053] The reactive diluent can also comprise a diluent having two or more functional groups capable of polymerization, 
ss Particular examples of such monomers include: 

C 2 -C 18 hydrocarbon -dioldiacryiates, 
C 4 -C 18 hydrocarbondivinylethers, 
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C 3 -C 16 hydrocarbon triacrylates, and the potyether analogues thereof, and the like, such as 
1 ,6-hexanedioldiacrylate, 
trimethylolpropanetri-acrylate, 
hexanedioldivinyletber, 
$ triethyiene-glycoldiacryiate, 
pentaerythritol-triacrylate, 
ethoxylated bisphenol-A diacrylate, and 
tripropyleneglyco! diacrylate. 

ft> [0054] Preferably, alkoxyiated aliphatic poiyacrylat.es are used, such as ethoxylated bexanedioldiacryiate, propoxy- 
lated glyceryl triacrylate or propoxyiated trimethyiofpropanetrlacrylate. 

[0055] At least one of the photoinitiators c) used in the ink coating composition of the present invention is a homolytic 
fragmentation photoinitiator which operates by Intramolecular bond cieavage. 

[0056] A suitable radiation-curable ink composition essentially consists of from about 1 to about 20 weight% of a 
w homofytic photoinitiator, Preferred amounts of the homolytic photoinitiator are from greater than 3 to about 15% by 
weight, more preferably from about 4 to about 12% by weight. 

[0057] As a pigment is present in the composition according to the invention, it is preferred (also for colored outer 
primary coating compositions) to use as photoinitiator an acyf phosphine oxide photoinitiator, such as defined in claims 
6 and 7, more specifically a benzoyl diaryl phosphine oxide photoinitiator. Examples of suitable benzoyl diary! phosphine 

20 oxide photoinitiators include: 2,4,6-trimethyibenzoyldiphenyl-phosphine oxide {Lucirin TPO by BASF), and 
bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentyl-phosphme oxide (irgacure 1700 by Ciba Geigy). 
[0058] For an optimum cure speed in the presence of pigment, it is advantageous to combine an acyl phosphine oxide 
photoinitiator with one or more other photoinitiators, such as hydroxy-cyclohexylphenyi-ketone. 
[0059] Any inorganic and organic pigment (d) that is suitable for making radiation-curable ink compositions can be 

& used in the present invention. However, because white pigments usually do not absorb significant amounts of the radiation 
used to cure the ink composition, white ink compositions do not usually require the use of the ink cure speed enhancing 
photoinitiator according to the present invention. Therefore, the preferred pigments are pigments that absorb light of a 
visible wave length, i.e. any color except pure white. The use of the term "pigment" refers to both inorganic and organic 
pigments, 

so [0060] Preferably, the pigment used in the ink coating composition of the present invention is an organic pigment. The 
pigment can be present in the ink composition in an amount that provides coloration that is visible without magnification 
to facial© identification o' -he individual colored optical glass fiber. 

[0061] Ribbon assemblies utilizing 12 or less coated optica! glass fibers require only 1 2 colors to adequately distinguish 
each of the coated optical fibers from one another. However, in larger ribbon assemblies, more than 12 colors may be 
35 utilized to adequately distinguish the coated optical glass fibers from one another. Examples of twelve colors normally 
used for making ribbon assemblies include: black, white, yellow, blue, red, green, orange, brown, pink, aqua, violet, and 
gray. 

[0062] Preferably, thepigmenthasa mean particlesize of notmore than about 1 |i,m. The particle size of the commercial 
pigments can be lowered by milling if necessary. 
io [0063] A specific example of a suitable black pigment includes carbon black. 
[0064J A specific example of a suitable white pigment includes titanium dioxide. 
[0065] Specific examples of suitable yellow pigments include disrylide yellow and diazo based pigments. 
[0066] Specific examples of suitable blue pigments include phthalocyanine blue, basic dye pigments, and phthaiocy- 
anines, 

« [0067] Specific examples of suitable red pigments include anthraquinone (red), napthole red, monoazo based pig- 
ments, quinacridone pigments, anthraquinone, and perylenes. 

[0068] Specific exampfes of suitable green pigments include phthalocyanine green and nitroso based pigments. 
[0069] Specific examples of suitable orange pigments include monoazo and diazo based pigments, quinacridone 
pigments, anthraquinones and peryienes. 
so [0070] Specific examples of suitable violet pigments include quinacrinode violet, basic dye pigments and carbazole 
dioxazine based pigments. 

[0071] Salable aqua brown gray, and p ; n'- c? crs con ess !y oc >ot y>.< alod \ y • nnbni'.? ™t>r*\ .j- pa n- s One 
skilled in the art is able to form any color as desired by combining different pigments. 

[0072] The pigment can be present in the ink composition in an amount that provides coloration that is visible without 
.w magnification to facilitate identification of the individual colored optical glass fiber. The amount of the pigment should 
not be so great as to significantly reduce the cure speed of the ink composition or result in other undesirable affects. 
Examples of suitable amounts of pigment have been found to be higherthan about 1-25 weight %. Generally, the amount 
is less than 25 wt.%, preferably less than about 20 weight %, more preferably less than about 1 0 weight %, based on 
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the total weight of the ink composition, 

[0073] Preferred amounts of each pigment are from about 0.5 to about 1 0 % by weight, more preferably from about 
0.5 to about 5 % by weight, in colored outer primary coatings, generally lower amounts of pigments ere sufficient to 
achieve good coloring, 

5 [0074] Other additives which can be used in the radiation -curable carrier system include, but are not limited to, lubri- 
cants, wetting agents, antioxidants and stabilizers. The selection and use of such additives is within the skill of the art, 
[0075] Coated optical fibers are often used in ribbon assemblies. Because of the versatility of the presently invented 
in ink coating composition, this composition is very welt suited for use on coated optica! glass fibers in ribbon assemblies. 
If necessary, a release agent can be added to the ink coating to allow easy access to the individual fibers by separating 

10 the matrix material from the ink coating, usually called break-out. However, preferably, no substantial amount of release 
agents is used. Suitable release agents include silicones, silicone acrylaf.es, fluoro-carbon oils or resins and the [ike, If 
present, the ink coating composition for coating optical fibers used In ribbon assemblies comprises about 0.1 to about 
20 wt.%, more preferably about 1 to about 10 wt. % of a suitable release agent, based on the total weight of the ink 
composition. 

is [0076] Useful additives e) of the ink coating are a small amount of lubricant to allow even better access to the individual 
fibers in separating the matrix material from the ink coating, usually called break-out. Suitable lubricants include silicones, 
fluoro-carbon oils or resins and the like. Reactive release agents such as silicone acrylates appear to have no further 
effect. Preferably, the ink coating composition for coating optical fibers used in ribbon assemblies comprises about 0.01 
to about 5 wt %, more preferably about 0.1 to about 3 wt% of a suitable lubricant, based on the totai weight of the ink 

so composition. 

Preferably, a silicon oil is used. Another lubricant compound can be present to a lesser extent. 
[0077] The ink coating composition of the present invention comprises an effective amount of a benzophenone-type 
compound to achieve a better break-out of the matrix material from the coated and colored optical fiber. A suitable 
radiation-cured ink composition of this embodiment comprses mere than about 2 weight % of a benzophenone-type 
25 compound. 

[0078] Preferred amounts of the benzophenone-type compound are more than about 3 % by weight, and more pref- 
erably more than 3.5 % by weight, based on the total weight of the ink composition. The amount generally wil! be less 
than about 10 % by weight as use of more than about 10% by weight of the benzophenone-type compound creates no 
particular advantage, and higher amounts are not recommended from economical point of view. Preferably, the ink 

so composition comprises less than 8 wt.% of benzophenone-type compound. 

[0079] Suitable benzophenone-type compounds are organic compounds with a molecular weight between 1 70 and 
500, which consists essentially of a substituted benzophenone group. Suitable substituents are alky! groups, acryl groups, 
aromatic groups, halogens, and the like. Suitable benzophenone-type compounds include benzophenone, chloroben- 
zophenone, methyl-o-benzoyl benzoate, 4-benzoyl-4'-methyldiphenylsulphide t acrylated benzophenone, 4-phenylben- 

35 zophenone, 3,3'-dimethyi-4-methoxybenzophenone, 4,4'-dimethylamino-benzophenone, and the like. Preferably, this 
benzo-phenone-typecompoundisnota ring-bonded benzophenone. Ring-bonded benzophenones such as thioxanthone 
or derivatives thereof, e.g. 2,4-diethyl- or 9-isopropyl-thioxanthone, appear to have little effect on the improvement of 
break-out properties, 

[0080] The ink composition according to the present invention preferably comprises none, ora minor amount of amine 
io compound, which would act as a hydrogen abstraction co-irit atc for the benzophenone type compound, 

[0081] Generally, less than 0,5 wt.% and preferably less than 0,1 wt.% of aminetype hydrogen abstraction compound 
would be present in the composition of the present invention. Nevertheless, morphoiino-type sensitizers can be present 
in amounts up to 4 wt.% but preferably less than 3 wt.%. 

[0082] Based on the above, a suitable radiation-curable ink composition can be formulated from a composition con- 
45 taining: 

from about 1 to about 20 weight % of at least one pigment that absorbs light of a visible wavelength; 
from about 1 to about 25 weight % of at least one photoinitiator; and 

from about 55 to about 98% of a radiation-curable carrier system containing at least radiation-curable monomer or 
so oligomer, based on the total weight of the ink composition. 

[00831 A preferred ink composition can be formulated from a composition containing: 

from about 1 to about 20 weight % of at least one pigment which absorbs light of a visible wavelength; 
55 from about 1 to about 80 weight % of at least one radiation-curable oligomer; 

from about 1 to about 80 weight % of at least one radiation-curable diluent monomer; and 

from about 1 to about 20 weight % of at least one ink cure speed photoinitiator, based on the total weight % of the 

ink composition. 
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[0084] Preferred amounts of the ink cure speed enhancing photoinitiator are from about 1.5 to about 20 weight %, 
more preferably from about 4 to about 1 5 weight %. 

[0085] Preferred amounts of the radiation-curable oligomer include from about 10 to about 70% by weight, more 

preferably, about 20 to about 60% by weight, based on the total weight of the ink composition. 

[0086] Preferred amounts of the radiation-curable diluent monomer include from about 10 to about 70% by weight, 

more preferably, about 20 to about 60% by weight, based on the total weight of the ink composition. 

[0087] Preferably, the ink composition contains other photoinitiators in an amount of about 1 to about 20% by weight, 

mora preferably about 1 to about 1 0% by weight, based on the total weight of the ink composition. 

[0088] Radiation -cure of optical fiber inks can be executed with radiation sources which have characteristic emission 

outputs which will vary depending on the radiation source. Examplary radiation sources can be obtained from, for 

example, Fusion UV Systems Inc. orlwasaki Denki Co. Forsxamp : a, so-calied "D-lamps" and "H-lamps" can be used 

as a radiation source, wherein the D lamp is more rich in longer wavelength ultraviolet light emissions than the H lamp. 

A typical ultraviolet radiation source (e.g., medium pressure arc lamp) used in industrial production often has major 

emission lines near the 260, 300, 313, and 366 nm ranges, or more generally at about 250-270 nm, at about 290-320 

nm, and at about 360-380 nm. in addition, there can be a line at about 390-41 0 nm. The characteristic bulb output used 

in the present invention can be measured by conventional methods or obtained from the supplier of the radiation source. 

Preferably, the ink composition of the present invention is cured by irradiation with both an H and a D lamp. 

[0089] The colored coating compositions of the present invention preferably are cured with sufficient energy.to have 

less than 15% unreacted acrylate unsaturation. Suitable irradiation energy values are 0.05-2 J/cm 2 preferably 0.1-1.5 

J/cm 2 . More in particular, values below 0.5 J/cm 2 are particular preferred. 

[0090] The present invention also provides an ink composition having enhanced adhesion to the outer primary coating 
when suitably cured. It has been found that surprising y the aches or of the ink coating to the outer primary coating can 
i j <r jjiimatedby how weil a monomer present in the ink composition adsorbs in the outer primary coating, in general, 
the greater the adsorption of the monomer into the outer primary coating, the greater the adhesion of the cured ink 
coating to the outer primary coating. 

[0091] If the ink coating separates from the outer primary coating during mid-span access to the individual optical 
glass fibers, the identification of the individual optical glass fibers can be difficult or even unattainable, Using the present 
invention, the adhesion of the ink coating to the outer primary coating can be easily adjusted to provide an ink coating 
having greater adhesion to the outer primary coating than to the matrix material to provide a ribbon assembly that is 
capable of providing mid-span access to the Individual optical glass fibers while avoiding undesirable delaminatlon of 
the ink coating from the outer primary coating during mid-span access. 

[0092] Preferably, the monomer present in the ink composition exhibits an Outer Primary Adsorption index of at least 
about 5, preferably at least about 7, and most preferably at least about 1 0. 

[0093] The adsorption index of the monomercan be determined without undue experimentation by first preparing 75 
micron thick drawdown of the outer primary coating to be coated by Ihe ink composition. The drawdown is then suitably 
cured by exposure to radiation and then cut into 2 inch by 2 inch sample squares, The sample square is then submerged 
in the monomer present in the desired ink coating for 30 seconds under atmospheric pressure and room temperature 
(25°C). The amount of weight gain in the sample expressed as a percentage of the original weight of the sample is used 
to determine the outer primary adsorption index as foliows. 
[0094] Outer Primary Adsorption index: 

1 = , 1 % weight gain 

2 = .2% weight gain 
3= .3% weight gain 

4 = .4% weight gain 

5 = .5% weight gain 

6 = .6% weight gain 

7 = .7% weight gain 

8 = .8% weight gain 

9 = ,9% weight gain 

10 = 1% weight gain 

[0095] Thus, for an adsorption index of 5, the sample gained about .5% in weight after beingsubmerged in the monomer 
for 30 seconds. 

[0096] The amount of the monomer can be selected to provide the desired level of adhesion between the outer primary 
coating and the ink coating. In general, the greater the amount of a monomer having an adsorption index of at least 
about 5, the greater the adhesion between the outer primary coating and the ink coating. Suitable examples of such a 
monomer are from about 1 to about 20 wt. %, and preferably from about 1 to about 10 wt-%, based on the total weight 
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of the ink composition. 

[0097] In producing a coated and colored optical fiber, a liquid coating composition is applied to a substrate and 
subsequently cured. The optical glass fibers are generally coated with two superposed radiation-cured coatings, which 
together form a primary coating. The inner primary coating is in direct contact with the glass and the outer primary coating 
is adjacent to the surface of the inner primary coating. The ink coating composition according to the present invention 
can be formulated to provide an ink coating having a good adhesion to the outer primary coating. 
[0098] It is also possible to use a colored outer primary coating, which preludes the necessity of using an extra ink 
tayer. The outer primary coating should adhere well to the inner primary coating, and the matrix material should show 
good break-out properties with respect to the colored outer primary coating, which can be achieved using the ink coating 
of the present invention as the colored outer primary coating. 

[0099] The above embodiments can be used in combination to provide an improved radiation-curable ink composition 
which exhibits the combination of properties of: 

(i) when suitably cured provides the ribbon assembly with the functional capability of providing break-out without 
delaminating the ink or colored coating from the outer resp. inner primary coating; 

(ii) when suitably cured provides sufficient adhesion between the matrix material and the ink coating to resist dela- 
mjnation; and 

(iii) exhibits an enhanced cure-speed in the presence of an oxygen containing atmosphere such that the colored 
coating can be formed at high speed without the need for providing an inert atmosphere. 

[0100] The ink coating composition can be applied to the coated optical glass and cured using any suitable method. 
An example of a suitable method is disclosed in U.S. patent No. 4,629,285, the complete disclosure of which is incor- 
porated herein by reference. The ink composition can also be applied in a manner similar to the application of the outer 
primary coating on an optical glass fiber drawing and coating tower. 

[01 01 ] Because of the versatility of the presently invented ink coating composition, this composition is very well suited 
for use on coated optical glass fibers in ribbon assemblies. Multiple individual strands of coated fiber are packaged Into 
larger structures such as ribbons and cables to maximize efficiency. One skilled in the art will easily be able to use the 
disclosure provided herein to prepare a novel ribbon assembly containing at least one of the improved Ink coated optical 
glass fibers for the desired applications. The novel ribbon assembly made according to this invention can be used in 
telecommunication systems. Such telecommunication systems typically include ribbon assemblies containing optical 
glass fibers, transmitters, receivers, and switches. The ribbon assembly containing the coated optical glass fibers are 
the fundamental connecting units of telecommunication systems. The ribbon assembly can be buried under ground or 
water for long distance connections, such as between cities. The ribbon assembly can also be used to connect directly 
to residential homes, 

[0102] The novel ribbon assembly made according to this invention can also be used in cable television systems. 
[0103] The ink compositions according to the present invention are surprisingly suitable for formulating radiation-cur- 
able colored coating compositions for forming protective ard/c decorative coatings having a thickness greater than 
about 10 microns, and up to about 50 microns. While ink coatings on optica! glass fibers usually have a thickness of 
about 3 to about 10 microns, the cure speed of the ink compositions according to the present invention have been 
described above using a thickness of 20 microns. Thus, at the thinner thicknesses usually usedfor forming an ink coating 
on an optical glass fiber, such as from about 3 to about 10 microns, the MEK rub value will be significantly greaterthan 
the MEK rub value measured at a 20 micron thickness. In general, as the thickness of the ink coating is increased, the 

[0104] Thicker colored coatings tend to have a decreased concentration of pigment, based on the total weight of the 
colored coating, compared to ink coating. Because the colored coating is applied in at a thickness greater than ink 
coatings, a lower concentration of pigment is required to obtain the desired color. 

[0105] The colored coating composition exhibits an enhanced cure speed and therefore is commercially feasible for 
use on highspeed production lines, such asfor appliances. The colored coatingcomposition is alsosuitablefor application 
to aircraft and automobile parts. 

[0106] The invention will be further explained by way of the following examples, without being limited thereto. 
Example ! 

[0107] A radiation-curable base composition was first formed by combining the components shown in Table 1 
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Table 1 



Component 


Amount (% by weight of total composition) 


Ethoxy Diacrylate Monomer 1 


42.85 


Aliphatic Urethane Diacrylate Oligomer 2 


25.25 


Pentaerythritol Tetra-acrylate 


12.55 


1,6-Hexanediol Diacrylate 


1.68 


Isobornyi Acryiate 


3-88 


Phenoxy Ethyl Acryiate 


3.88 


Butylhydroxy Toluene 


0.52 


Benzophenone 


8.33 


2-Methyl-1-(4-(Methylthio)-phenyl)-2-(4-Morpholinyl)-1-Propanone 


1.04 


1 CN120, (Sartomer) 

2 Ebecryl 264, (Radcure) 



[0108] 96% of this base composition was then combined with the 4% of CG [ 8 1 9 (Ciba Geigy)toform a radiation- curabie 
composition. 88 wt.% of the radiation-curable composition was corrb'sred w : th 9 wt.% of blue, and 3 wt.% of white pigment 
to form a radiation-curable ink composition. 

[0109] A 20 micron thick drawdown of the ink compositions was formed on a mylar film and then exposed to 0.1 J/cm 2 
UV light to form a sample film. 

[0110] The following properties of the sample film was tested: 

(1) MEK rub; 

(2) Unreacted Coating; and 

(3) Undercut. 

[0111] The MEK rub test represents the degree of cross-linking that occurred in the sample, In genera!, the greater 
the number of rubs required to disintegrate the sample, the greater the degree of cross-linking, and the faster the ink 
composition cured. 

[0112] The unreacted coating test was a visible testforthe presence of uncured coating on the sample, The presence 
of uncured coating signifies that a higher radiation dose may be required or that more of the cure speed enhancing 
photoinitiator is required to further increase the cure speed so that the ink composition is suitably cured at the selected 
radiation dose, 

[0113] The undercut test denotes whether the sample disintegrated after the MEK rub test. 
[0114] The test sample showed 200 MEK (rubs), no unreacted composition and no undercut. 

Example il and Hi. and Comparative Exam pie A 

[0115] Two radiation-curable carrier systems were first formed by combining the components shown in Tables 2 and 3. 



Table 2 Carrier System AA 



Component 


Amount (% by weight of total system) 


Epoxy Acryiate Monomer 


33.9 


Aliphatic Urethane Diacrylate Oligomer 


19.9 


Pentaerythritol Tetra-acrylate 


9.95 


isobornyi Acryiate 


3.06 


Phenoxy Ethyl Acryiate 


3.06 


1,6-Hexanediol Diacrylate 


13.64 


Silicone Diacrylate 


■ 14 
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Table continued 



Component 


Amount (% by weight of total system) 


2, 6-dkert-Butyi- Methyl- Phenol 


0.57 


2-Methyl-1-(4-(Methylthio)phenyt)-£-(4-Morphoiinyl)-1-Prapanone 


4.55 


Ink Cure Speed Enhancing PhotoinitiatorCGi 819 


1.14 


Acrylated Benzophenone 


9.09 



Table 3 Carrier System BB 



Component 


Amount (% by weight of total system) 


Epoxy Acrylate monomer 


35.93 


Aliphatic Urethane Diacrylate Oligomer 


21.14 


Pentaerythritol Tetra-acrylaie 


10.55 


[sobornyl Acryfate 


3.24 


Phenoxy Ethyl Acrylate 


3.24 


1 ,6-Hexanediol Diacrylate 


11.52 


Silicone Diacrylate 


231 


2,6-di-tert-Butyl-Methyl-Phanol 


0.b8 


Phosphine Oxide, Di-Phenyl(2,4,6-Trimethyi Benzoyl) 


11.52 



The radiation-curable carrier system AA was combined with the pigments shown in Table 4 to form radiation-curable 
ink compositions. The radiation-curable carrier system BB was combined with the pigments shown in Table 5 to form 
radiation-curable ink compositions. For comparison, commercially available ink coating compositions shown in Table 6 
were utilized (comparison experiment A). 

[0116] 20 micron thick drawdowns of the ink compositions were formed on mylar films and then exposed to 0. 1 j/cm 2 
UV light to form sample films. The properties of the films was tested and the results are shown in Tables 4 through 6. 
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[0117] By comparing the test results of Tables 4 and 5 with Table 6, ft can be easily observed that the presence of a 
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suitable phoioinitiator provided a dramatic increase in the average %RAU, when curing in the presence and absence 
of oxygen, it can also be observed that the presence of a suitable photoinitiator provided the ink coating with good 
adhesion to the outer primary coating in combination with providing good release from the matrix materia! even when 
cured at a low irradiation dose. Thus, the ink coatings formed according to the present invention are suitable for use in 
a ribbon assembly when break-out of the individual coated optical glass fibers is desired. 



Example IV 



[01181 An ink coating composition was prepared by mixing the following components: 

Component: Percent by weight of total composition: 

Ebecryl 3700 (epoxy aciylate) 51.0 
alkoxylated aliphatic diacryiate 30.0 
Irgacure 81 9 1 1.0 
Irgacure 907 3.0 
Benzophenone 4.0 
Blue pigment (Penn Color) 1 .5 

BYK 333 z 0.5 

1 Irgacure 819 is supplied by Ciba Geigy 

2 BYK 333 is a polyether modified dimethyl potysiloxane. 



[0119] Another ink coating composition was prepared by mixing the following components: 

Component: Percent by weight of total composition: 

polyether urethane aery late: PTMG/TDI/HEA 1 60.0 
ethoxylated bispheno!-A diacryiate 25.0 
N-vinyl caproiactam 25.0 
trimethyl ol propan otri- acryiate 4. 0 

Lucirin TPO 2 2.0 
Benzophenone 3.5 
Blue pigment (Penn Color) 1.5 
silicone oil 3 0.5 

1 reaction product of polytetramethylene glycof, toluene diisocyanate and hydroxyethyl 
acryiate 

2 2,4,6-trimethylbenzoyldiphenylphosphine oxide [Lucirin TPO by BASF] 

3 silicone oil = Dow Corning 57/Dow Corning 190 mixture, whereby Dow Corning 57: 
polyether modified dimethyl polysiioxane, and Dow Corning 1 90: siliconeglycol copolymer 



[0120] To test the ink compositions, glass plates were coated with a 75 micron thick, outer primary coating which was 
cured with a D-iamp (1 J/cm 2 ). Next, the 75 micron thick drawdowns of the ink compositions, shown in examples IV and 
V, were applied to coated glass plates, and then irradiated with ultraviolet light by a combination of a D lamp with an 
energy of 1 000 mj/cm 2 in the wavelength area up to 450 nm and a H lamp with an energy of 500 mJ/cm 2 in the wavelength 
area from 200 to 400 nm to produce cured ink films. 

[0121] With these test plates, the adhesion of the ink to the outer primary coating was determined. 

[0122] In order to test the adhesion (or break-out) of the matrix material from the inks, coated and inked glass plates 

were used, and a matrix material was coated thereon. The matrix was cured with a D-lamp at 1 J/cm 2 . 

[0123] The energy output of the D and the H lamp were measured by a EFT UV-cure light bug. 

[0124] The cured inks, described in the examples IV and V, showed a good adhesion to the outer primary coating, 

and the matrix showed a good break-out from the ink layers. 
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Test proced ur es 

[0125] The adhesion strenght of the cured ink coating and peelability of the matrix material were measured using the 
following methods: 

(1) Adhesion strenght 

[01 26] The ink compositions, as were applied to an outer primary coating, were cut into with a knife in order to evaluate 
whether a good adhesion was obtained or not. A good adhesion was denoted as {+), a bad adhesion as {-); intermediate 
values were given ratings with {+) and (-). 

(2) Peelability test 

[01 27] The peelability of the matrix material from the ink composition was judged. The cured films were out into with 
a knife in order to evaluate whether a good break-out was obtained or not. The peelability of the matrix material from 
the ink layer was evaluated by observation of the samples using the naked eye and touching the samples with the finger 
to examine the presence or absence of residues of the matrix or the ink layer, if neither observation confirmed any 
residues remaining on the ink coating when pulling away the matrix/ribbon material, the peelability was judged as good 
{+); if the presence of the matrix was confirmed or if the ink layer remained to the matrix, the peelability was judged as 
bad(-). 

[0128] The following test examples were studied and the results of the test procedures are given in Table 7: 
Comparitiv e examp le B: 

[0129] The composition of Example li without benzophenone. 

Example V: as described above 



[01 30] The composition of Example V + 3% Ebecryl 350 wherein Ebecryl 350 (UCB-Radcure) is an acrylated silicone 
(difu notional), 



[0131] The composition, which can be used as a colored outer primary coating, was prepared by mixing the following 
ingredients. 



r -J [ | e 



Example VII 



Component: 

polyester based urethane acrylate 

polyether based urethane acrylate 

isobornyl acryfate 

ethoxyiatedTMPTA 

ethoxylated bisphenol A diacrylate 

Irgacure 907 

Irgacure 819 

Blue pigment (Penn Color) 
Titanium dioxide 
1,6-nexamethylene diacrylate 
benzophenone 



Percent by weight of total composition: 
22 
20 



17 



2 
3 
4 



16 



3 



Table 7 

Release (of the matrix from the ink) Adhesion {of the ink to the outer primary coating) 
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Table continued 

Release (of the matrix from the ink) Adhesion (oftheinkto the outerprimary coating) 

V +4- 

VI ++ + - . 

VII ++ + - 

[0132] The use of benzoprtenone alone resuits in a good break-out. Ebecryl 350 does not improve this substantially, 
but nevertheless, decreases the adhesion of the ink coating to the outer primary coating. In other words, it is preferred 
not to use considerable amounts of release agents (such as Ebecryi 350) as this reduces the adhesion strength of the 
ink coating on the outer primary coating. 

[0133] Furthermore, these experiments show that benzophenone substantially improves the break-out of the matrix 
rnateriaf from different ink types. 

Example VIII 

[0134] 75 micron thick drawdowns of two commercially available radiation-curable outer primary coating compositions 
were cured on Mylar sheets by exposure to 1.0 J/cm 2 UV radiation to form outer primary films. Samples were made by 
cutting the cured films into 2 inch by 2 inch squares. The samples were then placed in a desiccator for a minimum of 15 
minutes. The initial weight of each of the samples was measured. 3 samples were submerged into each of eight different 
monomers and weighed at intervals of 1 second, 5 seconds, 10 seconds and 30 seconds (total elapsed time), The 
percent weight change of each of the samples and the average weight change of the three samples for each monomer 
was calculated and the results are shown in Table 8. 
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[01 35] The test results in Table 8 demonstrate that the monomers present in radiation-cu rable ink compositions exhibit 
different levels of adsorption into different commercially available outer primary coatings. In general, the greater the 
adsorption into the outer primary coating, the greater the resulting adhesion between the cured ink coating and the outer 
primary coating. 

5 

Test Procedures 
%RAU 

10 [0136] This is an FTIR method for determining the degree of cure on the surface of a coating to a depth of 1 to 3 urn, 
following exposure to a predetermined dose of UV radiation. A drawdown of the sample material is first formed on a 
glass plate. The drawdown is then exposed to the predetermined dose of UV radiation to cure the drawdown and form 
a coating. The coating is cut into strips, approximately 10 mm by 50 mm. 

[01 37] An infrared spectrum of the uncured, liquid sample and an infrared spectrum of the cured sample are obtained, 
f£ Infrared spectrometry is now well known and any infrared spectrometer can be utilized to obtain the infrared spectrum. 
[0138] The net peak area of the acrylate unsaturation absorbance for the uncured liquid sample is measured. For 
most acrylate-based coatings, the absorbance at about 810 cm" 1 should be used. However, if the coating contains a 
siloxane or other component which absorbs strongly at or near 810 cm 1 , an alternative acrylate absorbance peak can 
be used. The absorbanoes at about 1 41 0 cm 1 and about 1635 cm" 1 have been found to be satisfactory. The net peak 
so area can be measured using the well known baseline technique in which a baseline is drawn tangent to absorbance 
minima on either side of the peak. The area above the basoi'no sr.d under the peak is the net peak area. 
[0139] A reference area is then determined. The 'eference sbso-bance should not change in intensity as the liquid 
sample is cured. Many formulations have an absorbance in the range of about 780 to about 750 cm" 1 that can be used 
as a reference absorbance. The net peak area of the reference absorbance is measured. 

[0140] The ratio of the acrylate absorbance to the reference absorbance for the uncured, liquid sample is determined 
using the following formula: 



R t = Am. / a ri. 

where 

A AL is the net peak area of the acrylate absorbance, 
A RL is the net peak area of the reference absorbance, and 
35 R L is the area ratio for the liquid sample. 

[0141] The ratio of the acrylate absorbance to the reference absorbance forthe cured sample is determined using the 
following formula: 



where 

*s A AC is the net peak area of the acrylate absorbance, 

Ap) C is the net peak area of the reference absorbance, and 
R c is the area ratio for the cured sample. 

[01 42] The degree of cure as a percent reacted acrylate unsaturation (%RAU) is determined using the following formula: 



MEK rub Test 

[01 43] The test procedures described in ASTM D 4752 was followed with the following exception. Light finger pressure 
was used on the material being rubbed against the test sample. 

[0144] While the claimed invention has been described in detail and with reference to specific embodiments thereof, 
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it wili be apparent to one of ordinary skill In the art that various changes anol modifications can be made to the claimed 
invention without departing from the scope thereof. 



Claims 

1. A radiation-curable inkcoating composition adsptedtoprovideacolorcodingtoacoated optical giassfiber comprising 

a) an oligomer having at least one radiation curable group 

b) a reactive diluent 

c) at least about 1 wt.% of homoiytic photoinitiator for radical polymerisation 

d) a pigment, and 

e) additives 

wherein the composition comprises more than 2 weight% of a benzophenone-type compound, wherein said weight% 
is with respect to the total weight of said radiation-curable ink composition. 

2. A composition according to claim 1, wherein more than 3 weight% of a benzophenone-type compound is present, 

3. A composition accordingto any of claim 1 or 2, wherein the benzophenone-type compound is an organic compound 
with a molecular weight between 170 and 500, consisting essentially of benzophenone orasubtituted benzophenone 
group. 

4. A radiation-curable ink coating composition according to any of claims 1 -3, wherein the benzophenone-type com- 
pound is not a ring-bonded benzophenone, 

5. A composition according to any one of claims 1-4, wherein less than 0.1 weight% of an amine is present. 

6. A composition according to any one of claims 1 -5, wherein the homoiytic photoinitiator is represented by formula (1 ), 



o 

Ar'-C'-P -tf-Ar 2 (1) 

II LI 

O Ar 3 O 



wherein: 

Ar represents a carbon containing compound having at least one aromatic functional group; 

P is bonded directly to an aromatic functional group present in Ar3; 

C1 is bonded directly to an aromatic functional group present in Ar1 ; and 

C2 is bonded directly to an aromatic functional group present in Ar2, and 

wherein at least one of the carbon containing compounds Ar has a molecular weight and molecular structure that 
is capable of forming at least one of the following free-radicals upon exposure to ultraviolet radiation: 

Ar2-C 2 0»; 



7. A composition according to claim 6, wherein the homoiytic photoinitiator Is represented by formula (2), 
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0 

Ar-C-P-C-Ar (2) 
O Ar 0 

wherein Ar is a pheny! group, optionally substituted with one to three aikyl groups having 1 -4 carbon atoms. 

w 

8. A composition according to any one of claims 1-7, wherein compound e) comprises at least a lubricant. 

9. A radiation-curabie ink composition according to anyone of claims 1-8, adapted for coating optical glass fibers and 
being formulated from a composition comprising: 

15 

from about 20 to about 70 weight % of at least one radiation-curable oligomer; 
from about 5 to about 80 weight % of at least one radiation-curable diluent; 
from about 4 to about 20 weight % of a hemolytic photoinitiator; 

from about 1 to about 20 weight % of a pigment; and more than about 2 weight % of a benzophenone-type 
20 compound. 

10. A method for curing an ink composition according to any one of claims 1-9 on a coated optical fiber, wherein the 
composition is cured with a combination of a D and a H lamp. 

is 1 1 . A coated and colored optical glass fiber, comprising: 

an optical glass fiber; 

an inner primary coating adjacent to the surface of said optical glass fiber; 
an outer primary coating adjacent to the surface of said inner primary coating; and 
30 an ink coating adjacent to the surface of said outer primary coating, wherein the ink coating Is the cured ink 

coating composition, according to any one of claims 1-9. 

12, A coated and colored optical glass fiber, comprising: 

35 an optical glass fiber; 

an inner primary coating adjacent to the surface of said optical glass fiber; 

a colored outer primary coating adjacent to the surface of said Inner primary coating wherein the outer primary 
coating is the cured ink coating composition ac 3rd tc a y c le of claims 1-9. 

io 13. A glass fiber according to anyone of claims 11-12, wherein the cured ink coating composition comprises a percent 
reacted acrylate unsaturation of at least 70% when the composition is cured by exposure to a radiation dose of 
0. 1 25 joules square centimeter, 

14. A glass fiber according to claim 13, wherein the cured ink coat ; ng composition comprises a percent reacted acrylate 
« unsaturation of at least 75%. 

15. A ribbon assembly comprising: 

a plurality of coated optical glass fibers; and 
so a matrix material which binds said plurality of coated optical glass fibers together, wherein at least one of said 

coated optical glass fibers comprises a coated and colored optical glass fiber according to anyone of claims 11-14. 



Revendications 

55 

1. Composition de revetement d'encre durcsssabie par irradiation, destinee a donner un codage colore a une fibre de 
verre optique enrobee, comprenant 
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a) an ofigomere component au moms un groupe durcissabfe par irradiation, 

b) un diluant reactif 

c) au moins environ 1 % en poids d'un photoamorceur homolytique pour polymerisation radicataire 

d) un pigment, et 

e) des additifs 

dans Iaquelie la composition comprend plus de2% en poids d'un compose de type benzophenone, iedit pourcentage 
en poids etant par rappori au poids total de ladite composition d'encre durcissable par irradiation. 

Composition seion ia revendication 1 , dans Iaquelie sont presents plus de 3 % en poids d'un compose de type 
benzophenone. 

Composition selon la revendication 1 ou 2, dans Iaquelie le compose de type benzophenone est un compose 
organique ayant une masse moieculaire comprise entre 170 et 600, etconsistant essentiellement en benzophenone 
ou en un groupe benzophenone substitue. 

Composition de revetement d'encre durcissable par irradiation seion i'une queiconque des revendications 1 a 3, 
dans iaquelie le compose de type benzophenone n'est pas une benzophenone liee a un cycle. 

Composition seion i'une queiconque des revendications 1 a 4, dans iaquelie est present moins de 0,1 % en poids 
d'une amine. 

Composition selon I'une queiconque des revendications 1 a 5, dans Iaquelie le photoamorceur homolytique est 
represente par la formuie (I) 

0 

li 

Ar 1 - O - P - C 2 - Ar 2 (1) 
0 Ar* 0 

dans Iaquelie : 

Ar represente un compose carbone comportant au moins un groupe fonctionnei aromatique ; 
P est He directement a un groupe fonctionnei aromatique present dans Ar 3 ; 
C 1 est lie directement a un groupe fonctionnei aromatique present dans Ar 1 ; et 
C 2 est lie directement a un groupe fonclionnei aromatique present dans Ar 2 , et 

dans Iaquelie au moins I'un des composes carbones Ar a une masse moieculaire et une structure moieculaire 
capables, lors d'exposition a un rayonnement uftraviotet, cie former au moins I'un des radicaux libres suivants : 

Ari-C 1 0«; 

Ai^-C^* ; 



Ar3-PO«. 



Composition selon la revendication 6, dans iaquelie le photoamorceur homolytique est represente par la formuie (2), 
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0 

II 

Ar - C - P - C - Ar (2) 
II | II 
O Ar O 



io dans Iaquelle Ar est un groupe phenyle eventuellement substitue par un a trois groupes atkyle ayant de 1 a 4 atomes 

de carbone. 

8. Composition selon i'une quelconque des revendicatlons 1 a 7, dans laquelfe Se compose e) comprend au moins un 
[ubrifiant. 

15 

9. Composition de revetement d'encre durcissable par irradiation selon I'une quelconque des revendications 1 a 8, 
destinee au revetement de fibres de verre optiques et etant formulee a partir d'une composition comprenant : 

d'environ 20 a environ 70 % en poids d'au moins un oligomere durcissable par irradiation ; 
zo d'environ 5 a environ BO % en poids d'au moins un diluant durcissable par irradiation ; 

d'environ 4 a environ 20 % en poids d'un photoamorceur homolytique ; 
d'environ 1 a environ 20 % en poids d'un pigment ; et 
plus d'environ 2 % en poids d'un ccr ^^z ,"itlit 'ip hu j 

25 10. Procede pour le durcissement d'une composition d'encre seton I'une quelconque des revendications 1 a 9surune 
fibre optique revetue, dans lequel la composition estdurcie avec une combinaison d'une lampe D et d'une lampe H, 

11. Fibre de verre optique revetue etcoioree, comprenant : 

30 une fibre cfe verre optique ; 

un revetement primaire interne adjacent a la surface de ladite fibre de verre optique ; 

un revetement primaire externe adjacent a la surface dudit revetement primaire interne ; et 

un revetement d'encre adjacent a la surface dudit revetement primaire externe, le revetement d'encre etant la 

composition de revetement d'encre durcie selon I'une quelconque des revendications 1 a 9. 

35 

12. Fibre de verre optique revetue etcoioree, comprenant : 

une fibre de verre optique ; 

un revetement primaire interne adjacent a la surface de lad'rte fibre de verre optique ; 
to un revetement primaire externe colore adjacent a la surface dudit revetement primaire interne, le revetement 

primaire externe etant la composition de revetement d'encre durcie selon I'une quelconque des revendications 
1 a9. 

13. Fibre de verre selon iarevendication 1 1 ou 12, dans iaquelle la composition de revetement d'encre durcie comprend 
is un pourcentage d'insaturation d'acrylate ayant reagi d'au moins 70 %, quand la composition est durcie par exposition 

a une dose d'irradiation de 0.125 joule par cm 2 . 

14. Fibre de verre selon la revendication 13, dans Iaquelle la composition de revetement d'encre durcie comprend un 
pourcentage d'insaturation d'acrylate ayant reagi d'au moins 75 %. 

50 

15. Ensemble sous forme de ruban comprenant : 

plusieurs fibres de verre optiques revetues ; et 

une matiere de matrice qui lie entre elles lesdites plusieurs fibres de verre optiques revetues, 

55 

dans lequel au moins j'une desdites fibres de verre optiques revetues comprend une fibre de verre optique revetue 
etcoioree selon I'une quelconque des revendications 11 a 14, 
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Patentanspruche 

1 . Durch Strahlung hartbare Tintenbeschichtungszusammensetzung, die eingerichtet ist, eine beschichtete optische 
Glasfaser mit einer Farbkodierung zu versehen, umfassend 

a) ein Oligomer mit mindestens einer durch Strahlung hSrtbaren Gruppe, 

b) ein reaktives Verdunnungsmittei, 

e) mindestens etws 1 Gew.-% eines homolytischen Photoinitiators zur radikalischen Poiymerisation, 

d) ein Pigment und 

e) Additive, 

wobei die Zusammensetzung mehr ais 2 Gew.-% einer Verbindung vom Benzophenon-Typ umfaBt, wobei die 
Gew.-Prozente beziiglich des Gesamtgewichts der durch Strahlung hartbaren Tintenzusammensetzung sind. 

2. Zusammensetzung gemaB Anspruch 1 , wobei mehr als 3 Gew.-% einer Verbindung vom Benzophenon-Typ vorliegt. 

3. Zusammensetzung nach einem der Anspruche 1 Oder 2, wobei die Verbindung vom Benzophenon-Typ eine orga- 
nische Verbindung mit einem Molekulargewicht von zwischen 170 und 500 ist, bestehend im wesentlichen aus 
Benzophenon oder einer substituierten Banzophenon-Gruppe. 

4. Durch Strahlung hartbare Tintenbeschichtungszusammensetzung gemaB einem der Anspruche 1 bis 3, wobei die 
Verbindung vom Benzophenon-Typ nicht ein Ring-gebunderes Benzophenon ist. 

5. Zusammensetzung gemaB einem der Anspruche 1 bis 4, wobei weniger als 0,1 Gew.% eines Amins vorliegt. 

6. Zusammensetzung gemaB einem der Anspruche 1 bis 5, wobei der homoiytische Photoinitiator durch Formel (1) 
dargesteilt ist 



0 

It 

Ar 1 - C 1 - P - C 2 - Ar 2 (1) 
O A p3 O 

worln 

Ar eine Kohlenstoff-enthaltende Verbindung mit mindestens einer aromatischen funktionalen Gruppe darsteilt, 
P direkt an eine aromatische funktionale Gruppe, voriiegend in Ar3, gebunden ist, 
C1 direkt an eine aromatische funktionale Gruppe, voriiegend in Ar1 , gebunden ist und 

C2 direkt an eine aromatische funktionale Gruppe, voriiegend in Ar2, gebunden ist, und wobei mindestens eine der 
Kohlenstoff-enthaltenden Verbindungen Ar ein Molekulargewicht und MolekOlsfruktur mit der Befahigung aufweist, 
mindestens eines der folgenden freien Radikaie nach Aussetzung ultravioletter Strahlung zu bilden, 

Ar 1 -C 1 0« 

Ar 2 -C 2 0« 

oder 

Ar3-PO*. 



7. Zusammensetzung gemaB Anspruch 6, wobei der homoiytische Photoinitiator durch Forme! (2) dargesteflt ist 
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Ar - C - P - C - 

n | n 

0 Ar 0 



(2) 



worin Areine Phenylgruppe, gegebenenfallssubstrtuiertmtt einembis drei Alkylresten mit 1 -4 Kohlenstoffatomen, ist. 

8. Zusammensetzu ng gemaB ei n em der Ansp ruche 1 bis 7, wobei Verbindung e) mi n deste ns e in Scbmiermittet umfaBt. 

9. Durch Strahiung hartbare Tintenzusammensetzung gena'3 einem cier Anspriiche 1 bis 8, eingerichtet zum Be- 
schichten von optischen Giasfasern und aus einer Zusammensetzung formuliert, umfassend: 

von etwa 20 bis etwa 70 Gew.-% von minctestens einem durch Strahiung hartbaren Oligomer, 

von etwa 5 bis etwa 80 Gew.% von mindestens einem durch Strahiung hartbaren Verdunnungsmittel, 

von etwa 4 bis etwa 20 Gew.-% eines homoiyftschen Photoinitiators, 

von etwa 1 bis etwa 20 Gew.-% eines Pigments, und 

mehr ais etwa 2 Gew.% einer Verbindung vom Benzophenon-Typ. 

10. Verfahren zum Harten einer Tintenzusammensetzung gemaB einem der Anspriiche 1 bis 9 auf einer beschichteten 
optischen Faser, wobei die Zusammensetzung mit einer Kombination von einer D- und einer H-Lampegehartetw'trd. 

11. Beschichtete und gefarbte optische Glasfaser, umfassend 
elne optische Glasfaser, 

eine innere Primarbeschichtung angrenzend an die Oberflache deroptischen Glasfaser, 
elne auBere Primarbeschichtung angrenzend an die Oberflache der inneren Primarbeschtohtung und 
eineTintenbesohlchtungangrenzendancfie Oberflache derauBerenPrimarbeschichtung, wobei die Tlntenbeschich- 
tung die gehartete Tintenbeschichtungszusammensetzung gemaB einem der Anspruche 1 bis 9 ist. 

12. Beschichtete und gefarbte optische Glasfaser, umfassend 
eine optische Glasfaser, 

eine Innere Primarbeschichtung angrenzend an die Oberflache deroptischen Glasfaser, 
eine gefarbte auBere Primarbeschichtung angrenzend an die Oberflache der inneren Primarbeschichtung, wobei 
die auBere Primarbeschichtung die gehartete Tintenbeschichtungszusamrnensetzung gemaB einem der Anspruche 
1 bis 9 ist. 

13. Glasfaser gemaB einem der Anspruche 1 1 oder 12, wobei die gehartete Tintenbeschichtungszusammensetzung 
efnen Prozentanteil an reagierter Acrylat-Ungesattigtheit von mindestens 70% umfaBt wenn die Tintenbeschich- 
tungszusammensetzung gehartet ist nech aussetzung zu einer Hartungdosis von 0.125 Joules pro Qaudratzenti- 
meter. 

14. Glasfaser gemaB Anspruch 13, wobei die gehartete Tintenbeschtehtungszusammensetzung einen Prozentanteil 
an reagierter Acryfat-Ungesattigtheit von mindestens 75% umfaBt. 

15. Bandeinheit, umfassend: 

eine Vielzahl beschtchteter optischer Giasfasern und 

ein Matrixmateriai, welches die Vielzahi beschichteter optischer Giasfasern miteinanderverMndet, wobei min- 
destens eine der beschichteten optischen Giasfasern eine beschichtete und gefarbte optische Glasfaser gemaB 
Anspruch 10 bis 14 umfaBt. 
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